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Abstract
This paper will describe Phase 1 of a three-year study
that is investigating how students learn to make design
decisions. Three research questions drove this phase of
the study: (a) What do students believe designers do?
(b) What do students believe about the knowledge and
skills designers must possess? and (c) What do students
believe about the design decisions made by the
designer of a given product?
Data was collected using two questionnaires
administered to one class of Grade 6 students. The first,
administered prior to students attempting a Capability
Task, has provided base-line data for the remainder of
the study. The second questionnaire was administered
after students had completed a Capability Task and its
associated Resource Tasks. Analysis of the data involved
descriptive statistics and thematic analysis.
Analysis of the data has revealed that students, who had
no previous experience of design and technology
education, demonstrated a considerable knowledge of
not only what designers do, what skills they need to
have and their personal characteristics, but also
substantial knowledge of what designers need to know
in order to design a range of products. It appears as
though their experiences and perceptions of the
designed world provide a significant fund of knowledge
relevant to learning to design.
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Introduction
The principal goal in technology education is to engage
the student in “doing” technology: “the pupil is
transformed from passive recipient into active participant.
Not so much studying technology as being a
technologist” (Kimbell & Perry, 2001:7). In the classroom
“being a technologist” is achieved by completing
designing and making activities. One element of these
activities is sometimes referred to as a Capability Task
(Barlex, 1995), as it both develops and reveals student
capability through designing and making a product in
response to an identified need. Capability Tasks are
authentic activities because they reflect the “ordinary
practices of a culture… activities that are similar to what
actual practitioners do” (Putnam & Borko, 2000:4).
However, Capability Tasks alone are insufficient in
enabling students to be technologists. They need to
complete Resource Tasks – short, focused activities
intended to teach the knowledge, skill and
understanding that is likely to be useful in tackling
Capability Tasks (Barlex, 1993). The designing and
making activities developed as intervention instruments
for this study used the Capability Task/Resource Tasks
model for enabling students to design.
This paper will be in four parts. First, it will review the
literature describing the nature of design decisions
made by professional designers and how this can be
represented in a way that is useful for considering
student designers. Second, the paper will describe
Phase 1 of a three-year study that is investigating how
students learn to make design decisions. Three research
questions drove this phase of the study: (a) What do
students believe designers do? (b) What do students
believe about the knowledge and skills designers must
possess? and (c) What do students believe about the
design decisions made by the designer of a given
product? The third section of the paper will report the
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results of an analysis of data collected using two
questionnaires administered to one class of Grade 6
students. The first questionnaire, administered prior to
students attempting a Capability Task, has provided
base-line data for the remainder of the study. The
second questionnaire was administered after students
had completed a Capability Task and its associated
Resource Tasks. Finally, the paper will (a) offer
suggestions for the way in which students’ beliefs can
be utilized when learning to make design decisions and
(b) describe the next phase of the research study.
Review of Literature
Designing as decision making
Buchanan (1996) argues that the challenge for
designers is to conceive and plan what does not yet
exist. Because this activity is complex, a designer must
attend simultaneously to many levels of detail and make
numerous decisions as he or she designs. In moving the
design activity from the arena of the professional into
the classroom, it is important to consider how such
activity might be described when being carried out by
students. Barlex (2005) has suggested that in the
context of school-based designing, students should be
given the opportunity to learn to make five types of
interrelated design decisions: (a) conceptual (b)
marketing (c) technical (d) aesthetic and (e)
constructional. Conceptual decisions are concerned with
the overall purpose of the design, that is, what sort of
product it will it be. Marketing decisions are concerned
with, for example, who the design is for, where will it be
used and where will it be sold. Technical decisions are
concerned with how the design will work. Aesthetic
decisions are concerned with what the design will look
like. Constructional decisions are concerned with how
the design will be put together.
This can be represented visually, as shown in Figure 1,
with each type of decision at a corner of a pentagon and
each corner connected to every other corner. 
This inter-connectedness is an important feature of
making design decisions. A change of decision within
one area will affect some if not all of the design
decisions made within the others. For example, a change
in the way a design is to work will almost certainly affect
what the design looks like and how it is constructed. It
may also have far-reaching effects in changing some of
the purposes that the design can meet and who might
be able to use it. One can envisage a student making a
series of “What if I did this” moves (Schön, 1987) as he
or she considers possible decisions about a feature and
its effects on decisions made or yet to be made about
other features. This inter-connectedness reflects a
constructivist reflection-in-action paradigm for the student
considering the process of designing as a reflective
conversation with the situation (Dorst & Dijkhuis, 1995).
The use of “What if I did this” moves is more than a
mere ad hoc tool to cope with the complexity. Its
repeated use also increases the designer’s
understanding of the issues, thereby informing, guiding
and stimulating further designing both within and
Figure 1: The design decision pentagon
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outside the given design situation (Schön & Wiggins,
1992). It is, in effect, a powerful learning tool that the
designer uses to learn about the design proposal as he
or she is creating it (Sim & Duffy, 2004).
Method
The data reported in this paper are derived from
investigations during Phase 1 of a three-year program of
research that is investigating how students learn to make
design decisions. Participants are one class of Grade 6
students (16 girls and 10 boys) attending a small Catholic
elementary school in Ontario. These students will be
tracked to determine their emerging ability to make design
decisions as they progress through Grades 6-8. The
current Grade 6 teacher, who holds a PhD in language
and literacy, had no formal background in design and
technology prior to the beginning of the study. 
The Capability Task used for the intervention required
students, working individually, to design and make a mobile
for an identified user. Prior to tackling the Capability Task
the students completed eight Resource Tasks (Table 1).
This unit was taught over the course of nine consecutive
Thursday afternoons in the Fall 2005 term.
The Capability Task required students to make four
types of design decisions (Table 2). Note that the 
inter-connectedness of the design decisions is
immediately apparent, as the length of the beams, the
materials used for the beams and the materials used
for the decorative elements occur in both technical and
aesthetic design decisions.
1 Investigating mobiles
2 Exploring natural shapes
3 Drawing outline shapes
4 Exploring geometric shapes
5 Decorating geometric shapes
6 Making a symmetrical mobile using card
and geometric shapes
7 Making a pedestal mobile using card and
thin wire
8 Exploring asymmetrical balance using wood
dowel beams
Table 1: Resource Tasks completed before
tackling the Capability Task
Table 2: Design decisions in the Capability Task
Type of design decision Design decision
Marketing • Who the mobile is for
• Where the mobile will be used
Technical • The method of suspension
• How the mobile will balance
• The length of the beams 
• The materials used for the beams
• The materials used for the decorative elements
Constructional • How the decorative elements will be attached to the beams
• How the beams will be attached to one another
Aesthetic • The theme of the mobile
• The overall size of the mobile
• The length of the beams
• The materials used for the beams
• The materials used for the decorative elements
• The size and shape of the decorative elements
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Prior to teaching the unit the authors provided the
teacher with two full days of intensive professional
development. During this professional development, the
teacher completed the Resource Tasks and Capability
Task described above as a way to develop his designing
and making skills, explore issues of teaching and
learning, and become acquainted with classroom
management and organizational issues required to
operate a successful design and technology classroom. 
Data was collected in three stages. In stage 1, which
occurred prior to the start of the unit, students
completed a questionnaire designed to provide base-line
data on their beliefs about (a) the role of the designer
(e.g., Who designs? and What do designers do?), (b) the
skills required of the designer (e.g., What are designers
good at? and What are designers like?). To answer these
questions participants circled responses from a list of
possibilities. A final set of questions asked participants to
list what a designer would need to know in order to
design (a) a pencil sharpener, (b) a magazine, (c) a cell
phone and (d) a video game.
The second stage of data collection occurred throughout
the Capability Task. The ongoing conversation of four
purposefully sampled students, that is, “information-rich
cases for study in depth” (Patton, 2002: 46) working at
one table was audio recorded. At the same time, their
actions were video recorded to provide an ongoing
transcript of their designing and making. Analysis of this
data will be reported at a later date.
The third stage of data collection occurred after the
intervention, that is, completion of the Capability Task. 
A second questionnaire once again probed students’
beliefs about (a) the role of the designer, (b) the skills
required of the designer and (c) the types of design
decisions made by the designers of specified products.
The development of the questionnaires and analysis
of data were informed by the work of Salant and
Dillman (1994).
Descriptive statistics were used for the analysis of the
responses to the questions Who designs? What do
designers do? What are designers good at? and What
are designers like? Analysis of the responses to the
question, What would a designer need to know in order
to design a particular product? required first the
development of a coding scheme (Appendix 1)
consisting of etic1 codes. Emic2 codes were added and
the scheme refined as coding progressed. The coding
scheme was evaluated for both stability and inter-coder
reliability (Krippendorf, 1980).
Results
What jobs do you think designers do?
The first item in the questionnaire began with the
statement “some people make their living by designing
things.” This was followed by the instruction to “circle all
the phrases that describe the jobs you think designers
do.” Results are shown in Table 3.
1 Etic codes are those which have substantial references to professional
terminology and have been found to encourage the coders’
preconceptions.
2 Emic codes are those which use the respondents’ own terminology
to guide their development.
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Item # Questionnaire item Questionnaire 1 (N=26) Questionnaire 2 (N=24)
1 Create new clothing styles 25 22
(96%) (92%)
2 Repair lawn mowers 8 2
(31%) (8%)
3 Lay out a new garden 12 14
(46%) (58%)
4 Plan a meal for elderly people 6 6
(23%) (25%)
5 Change the layout of a room 22 20
(85%) (83%)
6 Clean the windows on a high-rise 0 0
7 Fix broken fences 9 3
(56%) (13%)
8 Make a bride’s bouquet 19 12
(73%) (50%)
9 Develop special effects for movies 24 11
(92%) (46%)
10 Keep score at a game 2 1
(8%) (4%)
11 Install new windows in a house 6 7
(23%) (29%)
12 Greet people visiting a company 1 0
(4%)
13 Grow and sell vegetables 0 0
14 Plan a new children’s toy 23 22
(88%) (92%)
Completion of the Capability Task plus Resource Tasks
made little difference to the perception of Fashion design
(Create new clothing styles), Interior design (Change the
layout of a room) and Product design (Plan a new
children’s toy) as jobs designers do. Planning a meal for
elderly people was perceived by approximately one
quarter of the students, both before and after the
Capability Task, as the work of a designer. The number of
students who perceived developing special effects for
movies the work of a designer halved following
completion of the task. Completion of the Capability Task
slightly increased the number of students who perceived
laying out a new garden the work of a designer.
Jobs not perceived as “designerly” by most students
were cleaning the windows on a high-rise, fixing broken
fences, keeping score at a game, installing new windows
in a house, greeting people visiting a company and
growing and selling vegetables. With the exception of
installing new windows in a house (in which there was,
counter-intuitively, a very small increase) completing the
tasks maintained or improved students’ beliefs about
designerly activity on all these items.
Table 3: Responses to “What jobs do you think designers do?”
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What do designers need to be good at?
The second item in the questionnaire began with the
statement “a baseball pitcher has to be very good at
throwing a baseball.” This was followed by the instruction 
to “circle all the words and phrases that describe what
you think designers need to be good at?” Results are
shown in Table 4.
Item # Questionnaire item Questionnaire 1 (N=26) Questionnaire 2 (N=24)
1 Working in a team 24 21
(92%) (88%)
2 Singing in a choir 0 0
3 Writing stories 2 2
(8%) (8%)
4 Planning 25 22
(96%) (92%)
5 Observing people 15 14
(58%) (58%)
6 Typing fast 7 6
(27%) (25%)
7 Repairing appliances 12 3
(46%) (13%)
8 Painting a portrait 0 1
(4%)
9 Measuring 23 21
(88%) (88%)
10 Problem solving 22 18
(85%) (75%)
11 Understanding how things work 25 23
(96%) (96%)
12 Playing musical instruments 1 0
4%)
13 Playing tennis 0 0
14 Wallpapering a room 2 2
(8%) (8%)
15 Sketching ideas 26 23
(100%) (96%)
16 Imagining new products 22 20
(85%) (83%)
17 Cooking a meal using a recipe 1 1
(4%) (4%)
18 Driving a car 1 0
(4%)
19 Working on their own 17 22
(65%) (92%)
20 Understanding how things are made 26 21
(100%) (88%)
Table 4: Response to “What do designers need to be good at?”
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Both before and after the task, a majority of students
perceived working in a team, planning, measuring,
problem solving, understanding how things work,
sketching ideas, imagining new products, working on
their own and understanding how things are made as
skills required by a designer. Completing the task had
little impact on these perceptions, with the exception
that designers work on their own, which increased.
Observing people was only perceived as a required skill
by just over half the students, with completion of the
task having little impact on this perception.
Prior to the task, the majority of students perceived that
singing in a choir, writing stories, painting a portrait,
playing musical instruments, playing tennis, wallpapering
a room, cooking a meal using a recipe and driving a car
are not skills required of a designer. Tackling the task
made little impact on these perceptions. Completing the
task had little impact on the percentage of students who
thought typing fast was a requisite skill of a designer. 
But the number of students who perceived repairing
appliances as a necessary skill showed a large decrease.
What do you think designers are like?
The third item in the questionnaire began with the
statement “dancers are graceful and fit.” This was followed
by the instruction to “circle all the words that describe what
you think designers are like.” Results are shown in Table 5.
Table 5: Responses to “What do you think designers are like?”
Item # Questionnaire item Questionnaire 1 (N=26) Questionnaire 2 (N=24)
1 Artistic 18 (69%) 18 (75%)
2 Cool 6 (23%) 7 (29%)
3 Cranky 0 1 (4%)
4 Creative 25 (96%) 23 (96%)
5 Cruel 0 1(4%)
6 Dishonest 1 (4%) 2 (8%)
7 Fashionable 4 (15%) 1(4%)
8 Friendly 13 (50%) 15 (63%)
9 Female 11 (42%) 9 (38%)
10 Good humoured 12 (46%) 8 (33%)
11 Happy 15 (58%) 15 (63%)
12 Imaginative 24 (92%) 21 (88%)
13 Kind 14 (54%) 12 (50%)
14 Lonely 0 0
15 Male 12 (46%) 9 (38%)
16 Mathematical 24 (92%) 14 (58%)
17 Modern 8 (31%) 7 (29%)
18 Musical 0 0
19 Odd 2 (8%) 1 (4%)
20 Old 4 (15%) 7 (29%)
21 Old-fashioned 0 1 (4%)
22 Popular 3 (12%) 1 (4%)
23 Sad 2 (8%) 1 (4%)
24 Scientific 23 (88%) 16 (66%)
25 Sensitive 3 (12%) 3 (13%)
26 Technical 22 (85%) 17 (71%)
27 Trustworthy 17 (65%) 11 (46%)
28 Young 8 (31%) 7 (29%)
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Overall, this data suggests that most students had
accurate views as to the qualities needed to be a
designer – artistic, creative and imaginative. Most
students did not ascribe negative qualities to 
designers – crankiness, cruelty, dishonesty, oddness,
being old-fashioned. Approximately half the students
perceived designers as being happy and kind.
Completing the Capability Task appeared to make little
difference to these perceptions. Interestingly, there was a
decrease in the number of students who thought that
designers must be mathematical, scientific or technical.
Why there was a decrease in the number of students
who thought designers are good humoured (-13%) or
trustworthy (-19%) needs to be explored further!
What do designers need to know?
The fourth and final item in both questionnaires provided
students with four images of products, as listed in Tables
6 and 7. For each product, students were requested to
“write a list of what the designer needed to know to
design the [product] in the photograph.” Responses were
coded and the number of responses by boys and girls on
each of the five types of design decision was established.
Appendix 1 shows the codes used and also provides
samples of the responses by students. Space limitations
in this paper do not permit reporting all of the data
collected from this item. However, the overall findings are
summarized in Tables 6 and 7.
The data shows that there were a greater percentage of
citations for designers to need technical knowledge for
six of the eight products, the exceptions being the
magazine and the video game. In these cases, marketing
knowledge was cited more frequently. The percentage of
citations for technical knowledge exceeded that for
aesthetic knowledge in all cases except the magazine,
although citations for aesthetic knowledge were high. 
In all cases, except the magazine and video game the
percentage of citations for marketing knowledge was
low. In all cases, the percentage of citations for
constructional knowledge was low. 
In most cases it appears that the students believed
designers needed knowledge concerned with how
products work and what they look like rather than how
they might be made. In the case of products in markets
where personal choice is likely to be highly significant,
the students cited this more frequently.
Product Response total Marketing Technical Aesthetic Constructional
Pencil Sharpener 93 6 58 19 10
(6.5%) (62.4%) (20.4%) (10.7%)
Magazine 80 33 12 28 7
(41.2%) (15%) (35%) (8.8%)
Cell Phone 96 10 54 23 9
(10.4%) (56.2%) (24%) (9.4%)
Video Game 91 38 31 17 5
(41.7%) (34%) (18.7%) (5.6%)
Table 6: Questionnaire 1: What did the designers need to know to design a [product]?
Product Response total Marketing Technical Aesthetic Constructional
Umbrella 86 5 42 31 6
(5.8%) (48.8%) (36%) (7%)
Paper Punch 72 5 44 21 2
(6.9%) (61%) (29.2%) (2.7%)
Dining Chair 75 5 36 32 2
(6.7%) (48%) (42.7%) (2.7%)
Pull Along 75 9 30 32 4
Wooden Toy (12%) (40%) (42.7%) (5.3%)
Table 7: Questionnaire 1: What did the designers need to know to design a [product]?
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Discussion
The authors recognize that the sample size in this
study is small and non-random. While the results are
not intended to be generalizable, this preliminary
analysis nevertheless provides a general idea of a
pattern in the responses, even if differences cannot be
said to be statistically significant. According to Yin
(1989), small sample size (as in this study) is not a
barrier to external validity provided that each case study
is detailed and analysis of data reveals elements of
practice relevant to the study at hand. 
Teachers have always recognized the need to begin
instruction “where the student is” (Ausubel, Novak, &
Hanesian, 1978). For meaningful learning to occur,
new knowledge must be related by the learner to
relevant existing concepts in that learner’s cognitive
structure. The constructivist view of learning argues that
students do not arrive at the design and technology
classroom empty-headed, with a tabula rasa, but arrive
with lots of strongly formed ideas about how the world
works (Brown, Collins, & Duguid, 1989).
Students’ responses to questions about the role of the
designer, the skills of the designer, what designers are
like and what designers need to know give us some
insight into students’ perceptions of the designer as a
practitioner. Overall the qualities ascribed to a designer
are positive and non-stereotypical – they can be young
or old, female or male. This is in contrast to the
stereotypical and negative view of scientists held by
many young people of similar age, who perceive
scientists to be “predominantly white, male and
dressed in laboratory coats” (Matthews, 1996: 231).
The small decrease in the number of students who
believe that designers work in a team might be
explained by the fact that the intervention (design and
make a mobile for a person of your choice) required
students to work individually.
The beliefs about what designers needed to know are
particularly interesting. The students’ beliefs about
designer knowledge, whilst not all-embracing in terms
of knowledge useful in making certain categories of
design decision, were relevant and relatively robust.
There were very few written answers that could not be
coded. What the students believed made sense both
to the students themselves and to a more expert adult
observer. This is quite different to the many cases
observed in science education, where students have
alternative constructs which, whilst incorrect from a
scientist’s viewpoint, have significant meaning for the
student and are highly resistant to change (Driver,
1983, 1989). The starting point for the science
teacher is then to enable the student to view the
world such that they can themselves challenge these
alternative constructs. 
It would appear that students in this study, who had no
previous experience of design and technology
education, demonstrated a considerable amount of
relevant and useful knowledge that could provide a rich
fund of knowledge as a basis for learning design.
Conclusion
This paper has reported a preliminary analysis of data
collected in phase 1 of a three-year study that is
investigating the type of tasks that enable students to
learn to make design decisions. The paper has shown
that students arrive at their design and technology class
with a robust perception of what kinds of work
designers do, what they must know, the characteristics
of designers and what designers need to know in order
to design selected products. It has also shown that the
completion of one Capability Task and associated
Resource Tasks makes little impact on these
perceptions. However, these findings provide base-line
data for the remainder of the study.
The analysis of data was grounded in a model based on
the five types of design decisions made by professional
designers but in a form accessible to and useful for
teaching and learning. The study has shown that the
beliefs about design and designing that students bring
to design and technology makes sense to an adult
observer and is pertinent to their designing and making.
This is unlike a lot of the preconceptions students have
with regard to explaining scientific phenomena or the
nature of scientists (Driver, 1983, 1989).
These results give rise to a number of questions. How
can teachers acknowledge in their teaching that
students have prior design knowledge? How can
teachers capitalize on the perceptions and knowledge
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students bring to the design and technology class?
How would a teacher’s expectation that students bring
with them prior knowledge of design to the design and
technology class change the nature of classroom
activities? What types of Capability Tasks best enable
students to learn to make design decisions? The
authors intend to present the ongoing findings from
this three-year longitudinal study at future conferences.
Definitions
1. Etic codes are derived from the outsider’s, that is, the
researcher’s perspective and are created from an analytic
or theoretical perspective.
2. Emic codes are derived from the insider’s perspective,
that is, they are created from the language of the
participants.
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